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Description

[0001] The presentinvention relates to a balloon cath-
eter comprising an elongated flexible metallic shaft and
at least one inflatable balloon mounted on a distal end
area of the flexible shaft.

[0002] US 2008/2877861 A1 discloses a multifiliar ca-
ble catheter. The shaft of the catheter is made of a mul-
tifiliar material made of metal. The tubular shaft is pro-
vided by a plurality of wires which are twisted together
to form a shaft wall and leaving a central lumen. The
outer side of the shaft is covered with a shrinked sheath
for forming a sealing coating along the length of the shaft.
The outside diameter is about 1 mm.

[0003] Balloon catheters are commonly used to treat
vascular diseases such as stenotic or narrowed vessels,
to place stents for keeping the vessels open or to remove
blood clots. Balloon catheters are also used for different
purposes such as to dilate stenosis.

[0004] Angioplasty techniques typicallyinvolve the use
of a balloon catheter to dilate constrictions. The balloon
catheteris advancedto positionthe balloon inthe stenotic
area. The balloon is then inflated and the constriction is
dilated. The same technique is used to treat stenosis in
salivary ducts. In sialendoscopy this technique is done
under vision.

[0005] Balloon catheters for use in the medical field
can be put in two categories, i.e. low pressure and high
pressure.

[0006] Low pressure occlusion balloons (usually up to
2 bars) can be used for clot removal. They are known as
embolectomy or Fogarty catheters and in some cases
they are used for dilation of constrictions in soft tissues.
The low-pressure balloons are made of compliant mate-
rials, which are soft and expandable materials such as
silicon, latex or latex free materials. The balloon is mount-
ed on a polymer shaft, for example from nylon, poly-
urethane and other polymers. The smallest outer diam-
eters of those catheters are 2 F (1 French = 1/3 mm) for
the shaft and the diameter of the balloon is in the range
of 0.9 mm when not inflated.

[0007] High pressure balloon catheters (up to 25 bars)
are made of a polymer shaft with or without an inner cen-
tral working channel. These high pressure balloon cath-
eters are in particular used for coronary angioplasty
(PTA, PTCA) and sometimes have a proximal part which
is metal tube known also as "hypotube". The tube is fixed
to a flexible polymer tube of about 20 cm length. In mon-
orail dilation catheters a small channel is in the flexible
polymer tube that allows the passing of a small guide
wire. Those high pressure balloon catheters find appli-
cations in other fields, for example to dilate stenosis in
salivary ducts.

[0008] Balloons for high pressure balloon catheters
are made out of non compliant materials such as poly-
ester, polyurethane, polyamide or other materials usually
considered nonexpendable or at least difficult to expand.
[0009] The smallest size of such balloon catheters
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when not inflated is about 0.80 mm.

[0010] WO 2007/065420 A1 discloses catheter tubes
for catheters such as angiographic catheters and dilata-
tion catheters. The body of the catheter tube is made of
a plastic material which is flexible to allow curved move-
ments of the catheter. The inner surface of the plastic
tube is provided with a hard material for minimizing the
friction between a guide wire inserted into the catheter
tube and its inner side. The inner hard coating materials
can be metals, metal alloys, glass, ceramics, metal ox-
ides or mixtures of these materials. The inner layer of
hard material may have a tube-like or sheet-like shape
with a wall thickness up to 0.0001 mm.

[0011] US 2007/167972 A1 discloses a balloon cath-
eter having an outer flexible shaft. The flexible shaft is
composed of two tubes, a first proximal tube which is
connected to a second inflation tube which distally ends
in a sleeve having the balloon. The proximal tube of the
balloon catheter can be made of metal and may have an
outside diameter of 0.6 mm. The wall thickness is about
0.127 mm.

[0012] It is the desire in this technology to penetrate
with the balloon catheters into very small spaces, ducts,
or instrument channels. It was recognized that shafts
made of flexible polymers tend to kink if the outer diam-
eter is very small, in particular in the range of 0.5 mm
and less.

[0013] If such a catheter shaft has kinked once it is
very difficult to advance the catheter, particularly if no
supporting guide wire is present.

[0014] ltis, therefore, an object of the presentinvention
to provide a balloon catheter having a shaft which can
be extremely thin, but nevertheless does not bear a high
risk of kinking.

[0015] This objectis achieved in that a wall of the shaft
providing the mechanical properties for flexibility and
pushability is entirely made of metal, said wall has a
sheet-like shape, and in that the wall has an outer diam-
eter up to 0.5 mm and a wall thickness in a range from
0.02 mm to 0.1 mm. Due to the smooth metal surface,
optimal sealing between the shaft and the balloon is
achieved.

[0016] Shafts made of metal having these parameters
show flexibility and a very good pushability, without the
risk of kinking. Additionally, such a shaft has a high re-
sistance against torsional forces, with the result that it
can be pushed in advance within ducts without collapsing
due to a twisting. Elongated thin flexible shafts made of
metal with the stated parameters do not need a strength-
ening by additional wires or guide wires which would be
needed to avoid the kinking if such small shafts were
made of polymers. A shaft with a sheet-like wall entirely
made of metal within the given sizes provides the nec-
essary mechanical properties for the use as a balloon
catheter.

[0017] A further advantage is that metal tubes are
echogenic. This facilitates the surgeon to supervise the
path of the catheter within a vessel over its entire length.
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[0018] Inafurtherrefinementofthe invention, the outer
diameter of the wall of shaft is selected from the group
of less than 0.4 mm, less than 0.3 mm or less than 0.2
mm. With such diameters, the shaft can be inserted at-
raumatically into ducts or vessels.

[0019] Such small outer diameters of the shaft enable
the introduction of the balloon catheter into small and
narrow spaces, ducts, small instrument channels, and
into small working channels of flexible, rigid or semi rigid
endoscopes.

[0020] In afurther refinement of the invention, the wall
thickness of the shaft is selected from the group of at
least 0.025 mm, 0.03 mm, and 0.04 mm.

[0021] The increasing wall thickness improves the sta-
bility of the hollow shaft body.

[0022] The greater the outer diameter of the shaft, the
more important is the wall thickness to create a hollow
tubular body which shows the necessary properties of
pushability, resistance against torque and twisting.
[0023] In afurther refinement of the invention, the met-
al is stainless steel or a metal alloy, in particular a nickel-
titanium alloy. These metallic materials are useful in the
medical field and show extreme stability in view of push-
ability and torque resistance.

[0024] Inafurtherrefinementofthe invention, the distal
end of the shaft is closed and small holes are drilled or
lasered in the wall in the distal end area of the shaft where
the balloon is mounted.

[0025] This results in a very stable and simple con-
struction of the balloon catheter. The holes allow the pas-
sage of either gas or liquid, to inflate the balloon. Small
holes do not remarkably reduce the pushability, in par-
ticular in the distal end area. The sizes of the holes may
vary from 0.05 mm to 0.2 mm.

[0026] The closed distal end reinforces the shaft body
at the distal end area and provides an atraumatic tip.
[0027] Inafurtherrefinementofthe invention, aflexible
tip projects from the distal end of the shaft.

[0028] The flexible tip allows the surgeon to introduce
the catheter tip into small channels. The flexible tip can
be fixed to the distal end of the shaft.

[0029] In a further refinement of the invention, the tip
is a flexible guide wire.

[0030] A flexible guide wire allows the surgeon to ex-
actly target a path for advancing the catheter. If the flex-
ible guide wire is made of metal, this can be controlled
from the outside via ultrasound or the like.

[0031] In a further refinement of the invention, the di-
ameter of the tip is smaller than the outer diameter of the
shaft.

[0032] This measure has the advantage that this al-
lows to first insert the tip into extreme small openings. A
further advancement allows to insert the larger tube into
extremely small spaces guided by the smaller flexible tip.
[0033] In a further refinement of the invention, an inner
tube is housed in the shaft, the inner tube being open at
its distal end and defining a central working channel pass-
ing through the shaft.
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[0034] This measure has the advantage that the work-
ing channel can serve for several manipulations neces-
sary during the surgery. For example, the working chan-
nel can allow a passage of a therapeutic drug. The work-
ing channel can enable the passage of small guide wires,
laser fibers, light guide fibers, sensors, image guides or
microendoscopes. If the microendoscope can transmit
light for illumination or for use in Photo Dynamic Diagno-
sis (PDD) or Photo Dynamic Therapy (PDT), itis possible
to both transmit an image from the distal end of the cath-
eter and make diagnostic or treating performances.
[0035] Inafurtherrefinementof the invention, the outer
diameter of the inner tube is smaller than an inner diam-
eter of the shaft, thereby defining a supply channel for
supplying an inflating medium to the balloon, the supply
channel opens into the balloon.

[0036] This measure has the remarkable advantage
that the resulting supply channel, which is the space be-
tween the outer side of the inner tube and the inner side
of the outer shaft, can serve to supply the inflating me-
dium.

[0037] Inafurther refinement of the invention, aninner
tube is housed in the shaft, said inner tube is closed at
its distal end, and the inner tube and the shaft are pro-
vided with openings in an area where the balloon is
mounted thereon.

[0038] This measure has the remarkable advantage
that, with two channels, one can serve for supplying an
inflating medium, in particular a liquid, and the second
one for escaping or discharging a medium, mostly air,
contained within the inner lumen of the catheter system.
[0039] If one uses the high pressure technology, a lig-
uid is usually used for inflating the balloon. But, in the
system there are amounts of air. With the two channel
constructions it is possible to supply or insert the liquid
medium via one channel into the catheter and to allow
the air to escape via the other channel. For example, it
is possible to insert the inflation liquid via the inner tube
to inflate the balloon and to simultaneously discharge the
air via the outer channel, i.e. the channel between the
outer side of the inner tube and the inner side of the shaft.
[0040] This can also be done vice versa, i.e. to intro-
duce the inflating liquid medium via the outer tube and
to discharge the air via the inner tube.

[0041] Inafurtherrefinement of the invention, an inner
tube is housed in the shaft, the shaft is closed at its distal
end and the inner tube is open at its distal end, and the
inner tube ending at a distance to the closed end of the
shaft.

[0042] This measure has the advantage that it is pos-
sible to insert a liquid inflating medium via the inner tube
to fill the space in the shaft in the area where the balloon
is mounted thereon. Air present in the system is able to
escape via the outer channel. When inflating the balloon,
the liquid can directly penetrate via the openings in the
shaft out of the distal end area of the shaft into the balloon
and can inflate it.

[0043] In a further refinement of the invention, at least
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one balloon has the shape of a hose section andis mount-
ed on its two opposite ends on an outer surface of the
shaft.

[0044] This measure allows designing balloons of a
desired length.

[0045] Inafurtherrefinementof the invention, the outer
surface of the shaft is roughened in at least that area
where the balloon is mounted.

[0046] Metal shafts usually show a very smooth sur-
face. The balloon which is made of latex, latex-free pol-
ymers or copolymers, nylon, polyester or any plastic ma-
terial, has to be secured to the outer side of the shaft. A
roughening of the shaft in these areas allows a better
fixing of the balloon body at the outside of the shaft, for
example by gluing or the like. The roughening as such
can be made via sand blasting or the like. The balloon
as such can have various shapes.

[0047] Inafurtherrefinementofthe invention, the shaft
is roughened on its proximal end section.

[0048] This roughening allows to connect the proximal
end of the metal tube with fittings or the like made of
plastic, for example, fittings like Tuohy Borst Y-connec-
tors or haemostasis valve Y connectors.

[0049] Inafurtherrefinement of the invention, the shaft
is open at its distal end, and a balloon having one open
end is mounted to the open distal end of the shaft.
[0050] This results in a very simple construction of the
balloon catheter.

[0051] The balloon can be mounted viaits neck around
the single open end at the outer side of the distal end
area of the shaft. The open end of the shaft is the supply
discharge opening for introducing the inflating medium
into the balloon for inflating it. This can be a gaseous or
a liquid inflating medium.

[0052] Inafurtherrefinementof the invention, a further
tube is mounted in the supply channel between shaft and
inner tube, the further tube divides the supply channel
into two subchannels, each subchannel is in communi-
cation with at least one balloon.

[0053] This measure has the remarkable advantage
that the entire inner hollow space of the inner tube can
be used as a working channel. The supply channel, i.e.
the space between the outer face of the inner tube and
the inner face of the outer shaft, is now subdivided by
the further tube into two subchannels. These two
subchannels can be used for supplying the inflating me-
dium and for discharging or escaping air present in the
inner lumen of the catheter shaft system.

[0054] Asdescribedabove, eithertheinnerorthe outer
one of the two subchannels can now be used as a supply
channel for supplying the inflating medium, in particular
a liquid, and the other subchannel can be used for dis-
charging air present in the system.

[0055] In a further refinement of the invention, each of
the subchannels is connected to a fitting at its proximal
end.

[0056] This measure has the advantage, that each of
the two subchannels can be used either as a supply chan-
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nel or as a discharge channel, whatever is appropriate.
In practical use, the subchannel used for discharging the
air can be open to the outside at first, as long as a liquid
inflating medium is introduced into the system. After all
air is discharged or escaped, this channel can be closed,
and a further introduction of the liquid inflating medium
now causes inflating of the balloon. For discharging the
inflating medium, the channel can be opened.

[0057] This reflects a high flexibility and a great appli-
cation field of the balloon catheter of the present inven-
tion.

[0058] Inafurtherrefinement of the invention, the shaft
has a coating at its outer side made of a material of a
slow slide resistance, and/or a drug.

[0059] This measure has the advantage, that the slid-
ing of the catheter within the vessel is improved by a
slow-slide resistance coating.

[0060] A drug released by the coating can support the
surgery or support the later healing process.

[0061] The closed advancing end of the shaft can be
rounded to allow a less dramatic advancement of the
distal end area of the shaft. The invention requires that
the shaft, which is always the outer shaft, is made of
metal. In the embodiments having additional inner tubes
or additional tubes, one is free to choose the material of
these additional tubes. These tubes can also be made
of metal or can be made of plastic.

[0062] If the outer tube made of metal according to the
invention withstands against kinking, torsion or twisting
movements, an inner shaft made of plastic also does not
undergo the undesired deformations.

[0063] Inafurtherrefinement of the invention, the shaft
is provided with one or more sensors, in particular tem-
perature, pressure, leakage flow or analyzing sensors.
[0064] The provision of such sensors has the advan-
tage that temperatures, or flow capacities of the medium
supplied through the balloon catheter system, can be su-
pervised and controlled. Losses or the like can be de-
tected via such sensors.

[0065] It will be understood that the features of the in-
vention mentioned above and those yet to be explained
below can be used not only in the respective combination
indicated, but also in other combinations or in isolation,
without leaving the scope of the present invention.
[0066] Exemplary embodiments of the invention are
explained in more details in the following description and
are represented in the drawings, in which:

Fig. 1 shows a longitudinal section of a first embod-
iment of a balloon catheter,

Fig. 2 shows a similar view, but only in the distal end
area of asecond embodiment with a projecting
tip,

Fig. 3 shows a longitudinal section of a third embod-

iment of a balloon catheter with a working
channel,
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Fig. 4 shows a longitudinal section of a fourth em-
bodiment of a balloon catheter in the distal end
area,

Fig. 5 shows a similar view of a fifth embodiment of
a balloon catheter,

Fig. 6 shows a fitting attached to the proximal end of
the balloon catheters shown in Figs. 3 through
5,

Fig. 7 shows a longitudinal section of a sixth embod-
iment of a balloon catheter with a fitting at its
proximal end,

Fig. 8 shows a seventh embodiment of a balloon
catheter,

Fig. 9 shows a similar view of an eighth embodiment
of a balloon catheter with an illumination rod,

Fig. 10  shows the embodiment of Fig. 9 with a fitting
at its proximal end,

Fig. 11 shows a ninth embodiment of a balloon cath-
eter with two balloons,

Fig. 12  shows alongitudinal section of a proximal end
of a tenth embodiment of a balloon catheter,
and

Fig. 13  shows a section along line XII-XIII in Fig. 12.

[0067] Fig. 1 shows a first embodiment of a balloon

catheter which is entirely designed with reference numer-
al 10.

[0068] The balloon catheter 10 has an elongated flex-
ible shaft 12 with a length of about 40 cm. A distal end
14 of the shaft 12 is closed and rounded.

[0069] A balloon 16 is mounted on the outer face of
the flexible shaft 12 in the distal end section of the flexible
shaft 12.

[0070] The balloon 16 has the shape of a hose section
18. The two opposite ends 20 and 22 are glued to the
outer face of the flexible shaft 12.

[0071] In this area, the outer surface of the shaft 12 is
provided with a roughening 24. A further circumferential
roughening 26 is provided at the proximal end 28 of the
flexible shaft 12. The roughenings 24 and 26 are made
by sand blasting.

[0072] Holes 30 are provided in the wall of the flexible
shaft 12 in the area where the balloon 16 is mounted.
The holes 30 are through bores in the wall of the flexible
shaft 12 with a diameter of 0.1 to 0.2 mm.

[0073] These holes 30 can be drilled or lasered in the
shaft 12, and the size can vary from 0.05 mm up to 0.2
mm. The sand blasting allows a strong gluing of the bal-
loon 16. The balloon 16 can also be hot-melted or fixed
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via threads or the like at the outer side of the shaft 12.
[0074] Awall 13 of the flexible shaft 12 is entirely made
of metal, stainless steel, i.e SS304, or a nitinol alloy. The
outer diameter 32 of the example shown is 0.40 mm, the
inner diameter 34 is 0.25 mm. This results in a wall thick-
ness 36 of 0.075 mm.The wall 13 of the shaft has a sheet-
like shape with a smooth surface, by which optimal seal-
ing between the shaft and the balloon is achieved.
[0075] In a similar embodiment, the outer diameter is
0.35 mm and the inner diameter is 0.22 mm. An inflating
medium, for example a liquid, can be introduced into the
flexible shaft 12 from its open proximal end. The inflating
medium penetrates the holes 30 and causes inflating of
the balloon 16 betweenits fixed ends 20 and 22, as shown
in Fig. 1.

[0076] Inthe second embodiment shown in Fig. 2, the
balloon catheter 40 has a flexible shaft 12 that is similar
to the shaft described with balloon catheter 10, therefore,
the same reference numerals are used. The design of
holes and balloon is also similar.

[0077] The closed rounded end 14 is provided with a
tip 42.

[0078] The tip 42 is a piece of the guide wire 44 of
metal that is welded with the shaft body. The guide wire
44 has a diameter of about 0.15 mm and can have a
length from 5 mm to 10 cm. The length of the guide wire
44 is adapted to the necessity of the procedure. In an
interior of the balloon 16 a pressure sensor 46 is mount-
ed. The pressure sensor 46 takes the actual pressure
within the balloon 16 during inflating the balloon 16. This
actual pressure differs remarkably from the pressure ex-
erted at the proximal end of the respective supply chan-
nel. This pressure measurement allows to avoid a burst
of the balloon 16 due to an overpressure within the bal-
loon 16. A cable 48 transmits the pressure data to the
proximal end of the balloon catheter 10.

[0079] In Fig. 3, a third embodiment of a balloon cath-
eter 50 is shown. The flexible shaft 52 is open at its distal
end 56, and an inner tube 54 is inserted into the shaft
52. The distal ends 56 of flexible shaft 52 and inner tube
54 are connected together, for example by welding or
gluing. A balloon 16 is mounted at the distal end area of
flexible shaft 52 as described before. The outer diameter
of the flexible shaft 52 is 0.4 mm, the inner diameter is
0.3 mm. The shaft 52 is made entirely of nitinol. The outer
shaft 52 as such provides the mechanical properties for
flexibility and pushability.

[0080] Inone embodiment, the inner tube 54 is entirely
made of metal and has an outer diameter of 0.25 mm
and an inner diameter of 0.17 mm. In this case the distal
ends of shaft 12 and tube 54 are welded together.
[0081] In another embodiment, the inner tube 54 is
made of polyimide and has an outer diameter of 0.25 mm
and an inner diameter of 0.20 mm.

[0082] The inner tube 54 defines a central working
channel 58 passing the entire balloon catheter 60.
[0083] Between an outer side of the inner tube 54 and
an inner side of the outer flexible shaft 52, a supply chan-
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nel 59 exists.

[0084] It is possible to supply an inflating medium, for
example a liquid, from the proximal end of the supply
channel 59 up to the holes 30 in the flexible shaft 52. This
inflating medium now penetrates into the balloon 16 and
inflates the balloon 16.

[0085] Independently of the operation stage of the bal-
loon 16, it is always possible to perform manipulations
through the central working channel 58.

[0086] An analyzer 53 is mounted at an outside of the
shaft 52, preferably at the tip or close to the tip of the
shaft. The analyzer 53 can analyze blood composition
data and/or gas data like oxygen content of liquids in the
channels or vessel into which the balloon catheter 50 is
inserted. The data are transmitted via a cable 55 which
transmits the taken data to the proximal end of the balloon
catheter 50. The cable may run along the inside or the
outside of the shaft. It is also possible that the cable is
executed as a printed circuit track on the surface of the
shaft. Alternatively, a wireless type sensor may be used,
so that the cable is only necessary for the power supply
of the sensor. These data allow to determine high risk
factors at the distal end of the inserted balloon catheter
50. If such high risk factors are sensed, the use of the
balloon catheter may be interrupted. The analyzer 53 is
mounted proximally to the balloon 16 close to the distal
end 56 of the shaft 52.

[0087] Fig. 4 shows a fourth embodiment of a balloon
catheter 60. The balloon catheter 60 has an elongated
flexible shaft 62 which is closed at its distal end.

[0088] A balloon 66 is mounted at the outer side of the
flexible shaft 62, as described before. An inner tube 68
is inserted into the flexible shaft 62 and its distal end ends
at the inner side of the closed distal end 64 of the flexible
shaft 62. Holes 70 are provided in the wall of the inner
tube 68 in an area where the balloon 66 is mounted.
[0089] Holes 72 are provided in the wall of the flexible
shaft 62, in an area where the balloon 66 is mounted.
[0090] It can be seen that holes 70 and 72 are aligned
in radial direction.

[0091] Asshownin Fig. 4, itis possible to introduce an
inflating medium 74, for example a liquid, via the inner
tube 68. This inflating medium 74 first penetrates the
holes 70 in the inner tube 68 and then the holes 72 in the
shaft62. The inflating medium 74 now causes the balloon
66 to inflate.

[0092] Air which is present in the system can escape
via an escape channel 76 present between the outside
of inner tube 68 and the inner side of outer shaft 62. In
operation, the air may be urged first into the balloon 66.
However, the more liquid as an inflating medium 74 is
introduced into the balloon 66, the more air escapes via
the escape channel 76 to the proximal end of the escape
channel 76.

[0093] Fig. 5 shows a similar fifth embodiment of a bal-
loon catheter 80.

[0094] The balloon catheter 80 has a shaft 62 with a
closed end 64.
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[0095] Aninnertube 82 which is inserted into the shaft
62 ends at a distance to the closed end 64 of shaft 62
approximately at a height which is half the length of the
balloon 66. This embodiment works similar to the em-
bodiment shown in Fig. 4, but it is easier to manufacture,
since the inner tube 82 has to be inserted only up to a
certain extent into the shaft 62.

[0096] Fig. 6 shows a fitting 86 which can be fitted to
the proximal ends of the balloon catheter 50 shown in
Fig. 3, the balloon catheter 60 shown in Fig. 4 or the
balloon catheter 80 shown in Fig. 5.

[0097] As shown in Fig. 6, the fitting 86 is mounted to
the outside of the proximal end of the shaft 62. If the fitting
86 is made from plastic, it is glued. The roughening 88,
as described above, supports a fixing of these two differ-
ent materials, metal and plastic, at the roughening 88.
The inner tube 54 or 68 or 82 is connected to a LUER-
lock 90, the branched LUER-lock 92 is connected to the
channel 59 or 76 or 94.

[0098] Hoses can be connected to the thermal ends
of the LUER-locks 90 and 92. When inserting a liquid
inflating medium via the LUER-lock 90, the LUER-lock
92 is open, allowing the air to escape. If one recognizes
liquid escaping from LUER-lock 92, one can assume that
no more air is in the system, and the LUER-lock 92 can
be closed. Inserting more and more liquid through LUER-
lock 90 increases the pressure and the size of the balloon
66.

[0099] Fig. 7 shows a sixth embodiment of a balloon
catheter 100.

[0100] The balloon catheter 100 has a flexible shaft
102 with a closed distal end 104 which is similar to the
shaft 12 shown in Fig. 1. A balloon 106 is mounted as
described above. An inner tube 108 is inserted into the
flexible shaft 102. But, the distal end 116 of the inner tube
118 lies at the proximal end of the balloon 106. Holes
118 in the shaft 102 allow an inflating medium passing
into the balloon 106. With the embodiment shown in Fig.
7, the inflating medium is fed via the LUER-lock 114 to
the supply channel 112 between the outside of the inner
tube 108 and the inner side of the shaft 102. Air in the
system can escape via inner tube 118 to the LUER-lock
110.

[0101] Fig. 8 showsaseventh embodimentof aballoon
catheter 120.
[0102] The balloon catheter 120 has a flexible shaft

122 having a rounded closed distal end 124.

[0103] A balloon 126 having one open end 128 only is
mounted over the closed distal end area of the shaft 122.
A neck is glued in a roughened area of the flexible shaft
122. Holes 129 allow an inflating medium to penetrate
into the interior of the balloon 126. The balloon 126, when
not inflated, lies around the rounded end surface of the
shaft 122. In Fig. 8, the balloon 126 is shown in its inflated
condition. The flexible shaft 122 is made of a steel alloy
and has an outer diameter of 0.35 mm and an inner di-
ameter of 0.22 mm.

[0104] Fig. 9 shows an eighth embodiment of a balloon
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catheter 130.

[0105] The balloon catheter 130 has a flexible shaft
132 which is a metal tube open on both sides. A balloon
136 is mounted to the open distal end 134 similar as
described in connection with Fig. 8.

[0106] An illumination rod 138 having a diffusion tip
140 is inserted into the shaft 132. The diffusion tip 140
extends beyond the open distal end 134 of the shaft 132
and lies within the inflated balloon 136. A supply channel
142 is present between the outer side of the illumination
rod 138 and the inner side of the shaft 132.

[0107] Light 144 emitted by the illumination rod 138
can be used either for Photo Dynamic Diagnosis (PDD)
or Photo Dynamic Therapy (PDT). If the inflated balloon
136 is inflated with a liquid, this liquid supports diffusing
of the light 144. A sensor 154 is mounted at the open end
134 of the shaft 132. The sensor 154 can detect the tem-
perature of the liquid within the balloon 136 to avoid an
overheating due to the emitted light. If the sensor 154
can detect flow, it works as a leakage control for super-
vising the balloon 136 leakage.

[0108] Fig. 10 shows that a so-called Tuohy Borst Y-
connector 156 is attached to the proximal end of the shaft
132. This can again be done in the roughened area by
gluing the connector 146 which is usually made of plastic.
[0109] The connector 146 has a side port 148 for in-
serting an inflating medium 150 into the supply channel
142. The connector 140 is provided with a screw fit 152
allowing to fix the illumination rod 138 in a certain axial
position, for example as shown in Fig. 10.

[0110] Fig. 11 shows a ninth embodiment of a balloon
catheter 160. The balloon catheter 160 is similar to the
construction shown in Fig. 4 and has a flexible shaft 162
with a closed rounded distal end 164. An inner tube 166
is inserted into the shaft 162 and extends up to the distal
end 164.

[0111] Two balloons 168 and 169 are mounted at the
outer side of the flexible shaft 162 as described before.
Holes 170 in the flexible shaft 162 and holes 172 in the
inner tube 166 communicate with the balloons 168, 169.
[0112] Ifaninflating medium 174, for example a liquid,
is inserted into the inner tube 161, it penetrates the holes
172 and 170 and inflates the two balloons 168 and 169.
[0113] Airin the system can escape via escape chan-
nel 176. When deflating the balloons 168, 169, it is pos-
sible to insert air into the escape channel 176 for dis-
charging the liquid via the inner tube 166.

[0114] Figs. 12 and 13 show a tenth embodiment of a
balloon catheter 180.

[0115] Balloon catheter 180 has an outer flexible shaft
182 which is a tube having an open distal end 184. An
inner tube 186 is inserted into the flexible shaft 182.
[0116] A distal end 188 of inner tube 186 ends at the
same height as the distal end 184 of the flexible shaft 182.
[0117] Aringclosure 192 closes adistal end of a supply
channel 198 existing between the outer side of the inner
tube 186 and the inner side of the flexible shaft 182. The
ring closure 192 is rounded and made of plastic, to pro-
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vide an atraumatic distal end of the balloon catheter 180.
A balloon 194 is mounted on the outer side of the flexible
shaft 182. The balloon 194 has again the design of a
hose section. Holes 196 in the flexible shaft 182 commu-
nicate with the balloon 194.

[0118] A further tube 200 is inserted into the supply
channel 198.
[0119] The distal end 206 of the further tube 200 lies

at a proximal end of the balloon 194.

[0120] The further tube 200 divides the supply channel
198 into a first inner subchannel 200, 202 and a second
outer subchannel 204.

[0121] The flexible shaft 182 is made of stainless steel
or nitinol and has an outer diameter of 0.58 mm and an
inner diameter of 0.44 mm. The inner tube 186 has an
outer diameter of 0.28 mm and an inner diameter of 0.20
mm and can be made of metal or of polyimide.

[0122] The further tube 200 is made of polyimide and
has an outer diameter of 0.38 mm and an inner diameter
of 0.33 mm.

[0123] As shown in Fig. 12, an inflating medium 208,
forexample a liquid, can be inserted into the outer second
subchannel 204 which penetrates holes 196 and inflates
the balloon 194. Air 210 in the lumen of the balloon cath-
eter 110 can escape via inner first subchannel 202. The
central working channel 190 is always free for inserting
instruments or the like for performing manipulations.
[0124] The features "pressure sensor", "analyzer",
"temperature sensor", and "leakage flow" were described
in connection with particular embodiments. But, it can be
realized in all of the described embodiments and in all
combinations thereof. The temperature sensor can be
mounted outside the balloon or inside the balloon for
measuring the actual temperature. If mounted inside the
balloon, the sensor is protected mechanically by the bal-
loon body. In both mountings an exact temperature
measurement is possible.

Claims

1. Balloon catheter comprising an elongated flexible
metallic shaft (12, 52, 62, 102, 122, 132, 162, 182)
and at least one inflatable balloon (16, 66, 106, 126,
136, 168, 169, 194) mounted on a distal end area of
said flexible shaft (12, 52, 62, 102, 122, 132, 162,
182), characterized in that a wall (13) of the shaft
(12, 52, 62, 102, 122, 132, 162, 182) providing the
mechanical properties for flexibility and pushability
is entirely made of metal, said wall (13) has a sheet-
like shape, and in that the wall (13) has an outer
diameter up to 0.5 mmand awall thickness inarange
from 0.02 mm to 0.1 mm.

2. Balloon catheter of claim 1, characterized in that
the outer diameter (32) of the wall (13) of the shaft
(12,52,62,102,122,132, 162, 182) is selected from
the group of less than 0.4 mm, 0.3 mm or 0.2 mm.



10.

1.

12

13.

13

Balloon catheter of claims 1 or 2, characterized in
that the wall thickness (36) of the shaft (12, 52, 62,
102, 122, 132, 162, 182) is selected from the group
of at least 0.025 mm, 0.03 mm, and 0.04 mm.

Balloon catheter of anyone of claims 1 to 3, charac-
terized in that the metal is stainless steel or a metal
alloy, in particular a nickel-titanium alloy.

Balloon catheter of anyone of claims 1 to 4, charac-
terized in that the distal end (14, 64, 104, 124, 164)
of the shaft (12, 62, 102, 122, 162) is closed, and a
wall in the distal end area thereof, where the balloon
(16, 66, 106, 126, 168, 169) is mounted, has holes
(30, 72, 118, 129, 170).

Balloon catheter of anyone of claims 1 to 5, charac-
terized in that aflexible tip (42) projects distally from
the distal end (14) of the shaft (12).

Balloon catheter of claim 6, characterized in that
the tip (42) is a flexible guide wire (44).

Balloon catheter of claims 6 or 7, characterized in
that the tip (42) has a diameter which is smaller than
the outer diameter of the shaft (12).

Balloon catheter of anyone of claims 1 to 4, charac-
terized in that an inner tube (54, 186) is housed in
the shaft (12, 182), said inner tube (54, 186) is open
on its distal end and defines a central working chan-
nel (58, 190) passing through said shaft (12, 182).

Balloon catheter of anyone of claims 1 to 8, wherein
an inner tube (68) is housed in said shaft (62), said
inner tube (68) is closed at its distal end and said
inner tube (68) and said shaft (62) are provided with
openings (70, 72) in an area where said at least one
balloon (66) is mounted thereon.

Balloon catheter of claims 9 or 10, wherein an outer
diameter of said inner tube is smaller than an inner
diameter of said shaft, defining a supply channel (59,
198) for supplying an inflating medium to said bal-
loon, said supply channel (59, 198) opens into said
balloon.

Balloon catheter of anyone of claims 1 to 8, wherein
an inner tube (82, 108) is housed in said shaft (62,
102), said shaft (62, 102) is closed at its distal end
(64, 104) and said inner tube (82, 108) is open at its
distal end (84, 116), and said inner tube (82, 108)
ends at a distance to said closed end (64, 104) of
said shaft (62,102).

Balloon catheter of anyone of claims 1 to 12, char-
acterized in that said at least one balloon (16, 66,
106, 168, 169) has the shape of a hose section (18)
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mounted via its two opposite ends (20, 22) on an
outer surface of said shaft (12, 52,62, 102, 162, 182).

Balloon catheter of anyone of claims 1 to 13, char-
acterized in that an outer surface of said shaft (12,
52, 62, 102, 122, 132, 162, 182) is roughened (24)
in at least that area where said balloon (12, 52, 62,
102, 122, 132, 162, 182) is mounted.

Balloon catheter of anyone of claims 1 to 14, char-
acterized in that said shaft (12, 52, 62, 102, 122,
132,162, 182) is roughened (26) on its proximal end
(28).

Balloon catheter of anyone of claims 1 to 15, char-
acterized in that in a balloon (126, 136) having one
open end is mounted with said open end at said distal
end (134) of said shaft (122, 132).

Balloon catheter of anyone of claims 11 to 16, char-
acterized in that a further tube (200) is mounted in
said supply channel (198) between said shaft (182)
and said inner tube (186), said further tube (200)
divides said supply channel (198) into two subchan-
nels (202, 204), each of said subchannels (202, 204)
is in communication with the at least one balloon
(194).

Balloon catheter of claim 17, characterized in that
each of said subchannels (202, 204) is connected
at its proximal end to a fitting.

Balloon catheter of anyone of claims 1 to 18, char-
acterized in that said shaft (12, 52, 62, 102, 122,
132,162, 182) is, at its outer side, made of a material
of low slide resistance and/or has a drug.

Balloon catheter of anyone of claims 1 to 19, char-
acterized in that at least one sensor (46, 53, 154)
is provided.

Balloon catheter of claim 20, wherein said at least
one sensor is selected from the group existing of
pressure sensors (46), temperature sensors (154),
analyzers (53), leakage flow sensors.
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